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a  b  s  t  r  a  c  t

Baricitinib  is a  drug  used  for the  treatment  of  rheumatoid  arthritis.  It  is  a selective  and  reversible  inhibitor
of  Janus  kinases  1  and 2, which  play  an  important  role  in  signalling  the  pro-inflammatory  pathway
activated  in  autoimmune  disorders  such  as  rheumatoid  arthritis.  The  pH-spectrophotometric  and  pH-
potentiometric  titrations  allowed  the measurement  of  three  or four  successive  dissociation  constants
of  Baricitinib.  Baricitinib  neutral  LH2 molecule  was  able  to protonate  into  two  soluble  cations  LH4

2+,
LH3

+ and  dissociate  into  two  soluble  anions  LH− and  L2- in  pure  water.  The  graph  of molar  absorption
coefficients  of  differently  protonated  species  versus  wavelength  indicated  that  the  spectra  �L, �LH,  �LH2

were  the  nearly  the  same  for these  species  and that  the  spectra  �LH4 and  �LH3 were  also  similar.  In  the
pH  range  from  2–13,  four  pKaś of  spectra  analysis  were  reliably  estimated  by REACTLAB  at  I =0.0020  mol.

-3 T T T T ◦ T T
H-titration
EACTLAB
QUAD84
SAB

dm values  pK a1 = 3.07,  pK a2 =  3.87,  pK a3 =  6.27,  pK a4 = 12.78  at 25 C and  pK a1 = 3.00,  pK a2 = 3.79,
pKT

a3 = 6.12,  pKT
a4 = 12.75 at 37 ◦C. Potentiometric  pH-titration  analysis  for a higher  concentration  of  1

×  10-3 mol.  dm-3 estimated  with  ESAB  at I =0.0001  mol.  dm-3 values  pKT
a1 = 3.69,  pKT

a2 = 3.81,  pKT
a3 =

4.73 at 25 ◦C  and  pKT
a1 = 3.62,  pKT

a2 = 3.73,  pKT
a3 = 4.43  at  37 ◦C.  Molar  enthalpy  �H◦, molar  entropy  �S◦

and  Gibbs  free  energy  �G◦ were  calculated  from  the spectra  using  a dependence  ln K  to 1/T.
©  2020  Elsevier  B.V.  All  rights  reserved.
. Introduction

Baricitinib of the trade names Olumiant or Baricinix belongs
o the class of organic compounds known as pyrrolo[2,3-
]pyrimidines and being developed by Incyte and Eli Lilly in
016. These are aromatic heteropolycyclic compounds containing

 pyrrolo(2,3-d)pyrimidine ring system, which are pyrrolopyrim-
dine isomers with the 3-ring nitrogen atoms at the 1-, 5-, and
-positions (Fig. 1). On 23 April, 2018, the FDA Advisory Committee
ecommended the approval of 2 mg  Baricitinib for the treatment of
heumatoid arthritis, but did not recommend the 4 mg  dose for
erious adverse events [1]. On 31 May  2018, the FDA approved

aricitinib for the treatment of adult patients with moderate to
evere active rheumatoid arthritis, in patients who did not respond
o one or more antagonist therapies.

∗ Corresponding author.
E-mail addresses: milan.meloun@upce.cz (M.  Meloun),

neta.pfeiferova@student.upce.cz (A. Pfeiferová), milan.javurek@upce.cz
M.  Javůrek), tomas.pekarek@zentiva.com (T. Pekárek).

ttps://doi.org/10.1016/j.jpba.2020.113532
731-7085/© 2020 Elsevier B.V. All rights reserved.
Baricitinib has the IUPAC name of
2-[1-(ethanesulfonyl)-3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-
1H-pyrazol-1-yl)azetidin-3-yl]acetonitrile of the chemical formula
C16H17N7O2S with a molar mass of 371.419 g/mol. It possesses
the InChI Key XUZMWHLSFXCVMG-UHFFFAOYSA-N and its UNII
is ISP4442I3Y. It is registered under the external ID codes INCB-
028050 and LY-3009104, under the CAS number 1187594-09-7
and its PubChem CID is 44205240. It belongs to the Drug Classes of
Antirheumatic Agents and in the Pharmacotherapeutic classes of
Immunosuppressants. Among its predicted properties in literature
is water solubility of 0.357 mg/ml and two dissociation constants
pKa (strongest acidic) 13.89 and pKa (strongest basic) 3.91.

One of the most important physico-chemical properties of each
drug are its dissociation constants pKaś. Protonation equilibria
and drug ionization are particularly important for predicting their
behaviour under physiological conditions, since the ionization state
strongly affects solubility at the application site [2–5].
1 The acid dissociation constant or ionization constant pKa,i of the
acid LHj can be determined by a regression analysis of potentio-

https://doi.org/10.1016/j.jpba.2020.113532
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2020.113532&domain=pdf
mailto:milan.meloun@upce.cz
mailto:aneta.pfeiferova@student.upce.cz
mailto:milan.javurek@upce.cz
mailto:tomas.pekarek@zentiva.com
https://doi.org/10.1016/j.jpba.2020.113532
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Fig. 1. The structural formula of Baricitinib.

metric titration data, also called the pH-metric analysis [6–9],
in which the common parameters (pKai, i = 1,. . . ,j) and the group
parameters (E0, L0, HT ) are simultaneously numerically estimated
and refined [7]. We  preferred using the regression program ESAB
[7] for the potentiometric pH-titration data analysis.

 The spectrophotometric UV-metric spectra analysis is a particu-
larly highly sensitive and frequently used method of determining
the acid dissociation constants or ionization constant pKT

aś in
very diluted aqueous solutions since it requires a relatively sim-
ple device and can work with low compound concentrations
about 10−5 up to 10-6 mol. dm-3, cf. [10].

 To get an initial information about the number of dissociated
protons and dissociation constants pKaś the prediction of the pro-
tonation model from the structural formula of the drug molecule
with the use of predictive programs ACD/pK [11] or ACD/Percepta
[11,12], PALLAS [13] and MARVIN [14,15] was carried out.

The aim of this study was the UV-metric spectral analysis of
he drug Baricitinib and alternatively the pH-metric analysis of the
H-titration curve of the protonation model to optimize experi-
ental conditions so that all close successive dissociation constants

ould be reliably determined and to calculate three thermody-
amic dissociation parameters such as the molar enthalpy �H◦, the
olar entropy �S◦ and the molar Gibbs free energy �G◦. Detailed

nstructions for titrating the UV/VIS pH-absorption spectra, called
V-metric spectral analysis and alternatively pH-metric analysis,
ere previously described in their 10-steps procedure [15,16].

. Materials and methods

.1. Material

Baricitinib,  donated by ZENTIVA, k. s., (Prague), had an HPLC-
ethod declared purity and alkalimetry of always > 99%. This drug
as weighed directly into a reaction vessel, resulting in a final

nalytical concentration that was expressed as äbout exactly1̈.0
 10−4 mol. dm-3. Hydrochloric acid, 1.0 mol. dm-3, was  prepared
y diluting concentrated HCl (p.a., Lachema Brno) with redistilled
ater and standardization against HgO with KI with a repeatability

etter than 0.002 mol. dm-3 according to HgO + 4 KI + H2O ↔ 2

OH + K2[HgI4] and KOH + HCl↔KCl + H2O. Potassium hydroxide,
.0 mol. dm-3, was prepared from the exact weight of the pellets
p. a., Aldrich Chemical Company) with carbon dioxide-free dis-
illed water, which was pre-held for 50 min  in an ultrasonic bath.
aceutical and Biomedical Analysis 191 (2020) 113532

The solution was stored for several days in a polyethylene bottle
under an argon atmosphere and was  standardized potentiomet-
rically against a potassium hydrogen phthalate solution, and the
equivalence point was evaluated using a derivative method with a
reproducibility of 0.001 mol. dm-3. Mercury oxide, potassium iodide
and potassium chloride (p. a., Lachema Brno) were not subjected to
extra purification. Twice redistilled water was kept for 50 min in a
sonographic bath prior to the preparation of solutions.

2.2. Methods

The apparatus used and both titration procedures have been
previously described in detail in our publications [15–17]. The free
hydrogen ion concentration [H+] was  measured on a Hanna HI 3220
digital voltmeter with an accuracy of ±0.002 pH using a Theta HC
103-VFR combined glass electrode. Potentiometric titrations of the
drug with potassium hydroxide were performed using an activity
scale. Standardization of the pH meter was performed using stan-
dard WTW  buffer values, 4.006 (4.024), 6.865 (6.841) and 9.180
(9.088) at 25 ◦C and 37 ◦C, in parentheses.

pH-spectrophotometric titration with absorbance spectrum
registration at 300 wavelengths was  performed as follows: an aque-
ous solution of 20.00 cm3 containing 10−4 mol. dm-3 of drug, 0.100
mol. dm-3 of hydrochloric acid, 2.44 �mol. dm-3 phosphate buffer
and 10 cm3 of an indifferent ionic strength KCl solution was  titrated
with the standard 1.0 mol. dm-3 KOH at 25 ◦C and 37 ◦C and
recorded 80 absorption spectra. Titrations were performed in a
water-jacketed double-walled glass vessel of 100 cm3 closed with
a Teflon bung containing the electrodes, an argon inlet, a ther-
mometer, a propeller stirrer and a hair capillary tip from a piston
micro-burette [18]. All pH measurements were performed at 25.0
◦C ± 0.1 ◦C and 37.0 ◦C ± 0.1 ◦C. During drug titration, the solu-
tion was bubbled through a stream of argon to thoroughly mix
and maintain an inert atmosphere. The argon was passed through
the aqueous ionic medium through two wash vessels which also
contained the titration medium used before entering the corre-
sponding titrand solution. The microburettes used with a the total
volume of 1250 �L (META, Brno) were equipped with a micrometer
screw of 25.00 cm [18]. The hair polyethylene capillary of the micro-
burette was immersed in the titrand solution during the titrant
addition, but after each titrant addition, the microburette mouth
was withdrawn to avoid spontaneous leakage of the titrant during
the pH read-out. The microburette was calibrated by ten replicate
determinations of the total volume of delivered water by weighing
on a Sartorius 1712 MP8  balance with the results evaluated statisti-
cally resulting in an accuracy of ±0.015% of the added volume over
the entire titration range. After each pH adjustment in the reaction
vessel, the solution was transported to the cuvette by a peristaltic
pump, which was  part of a CINTRA 40 spectrophotometer (GBC,
Australia) and then a spectrum at 300 wavelengths was recorded.

2.3. Software

Dissociation constants were estimated by the non-linear regres-
sion analysis of a set of 80 pH-absorbance spectra measured by
UV-spectroscopy using two proven programs SQUAD84 [17,19] and
REACTLAB [20]. The protonation model was then compared with its
parameters and pH-metric analysis of the protonation modelś  titra-
tion curve was conducted by ESAB [7]. Spectral interpretation of
the factor analysis by quantifying the pH-absorbance matrix of the
drug using the INDICES program [21] reliably determined the num-
ber of light-absorbing species nc of the equilibrium mixture. Drug

spectra plots were drawn with ORIGIN 9.1 [22]. The ACD/Percepta
[11], PALLAS [13] and MARVIN [14] programs were used to predict
the dissociation constants of pKa and were always based on the
structural formula of Baricitinib.
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. Results and discussion

Methods of numerical analysis of pH-spectra and pH-
otentiometric titration curves have proven to be the best

nstrumental methods since they also reliably determine also close
uccessive dissociation constants, even in the case of the poorly sol-
ble drug Baricitinib. The pH-spectrophotometric titration by the
V-metric spectral method was used as an alternative method to the
H-potentiometric titration by the pH-metric method to determine
issociation constants in the case of larger molar absorption coef-
cients and showed high sensitivity to the drug concentration of
aricitinib 10−5 mol. dm-3 of the otherwise poorly soluble drug.

.1. UV-metric spectral analysis

The experimental procedure and computational regression
nalysis strategy for determining dissociation constants by the
V-metric spectral analysis were described in the 10 steps in the
ublished Tutorial [16] and can also be found on page 226 in the
extbook [23]: Generally, the Protonation model building and testing
oncerns the following calculations: determining the number of
rotonation equilibriums, determining the number of differently
rotonated species, their representation in the relative concen-
ration diagram as well as the construction of a graph of molar
bsorption coefficients versus the measured wavelengths of the
rotonation model.

Step 1: Theoretical prediction of pKa estimates from the Baricitinib
tructure: The first step of the UV-metric spectral method was  the
rediction of the dissociation constant values, based on a quantum-
hemical calculation, which is used on the structural formula of the
rug molecule under study.

Baricitinib is an aromatic heteropolycyclic compound contain-
ng a pyrrolo (2,3-d) pyrimidine ring which is a pyrrolopyrimidine
somer with 3 nitrogen atoms at 1-, 5-, and 7-positions (Fig. 1). The
rediction program MARVIN (denoted M)  identified four protonat-
ble centres in Baricitinib that could theoretically be associated
ith four predicted dissociation constants (Fig. 2). Both of the

rediction programs, MARVIN and PALLAS (denoted P), predicted
issociation constants slightly differing from each other, so it was
lear that the experimental determination of dissociation constants
s necessary as it could generally offer more reliable results. Fig. 2a
ncludes an overview of all predicted dissociation constants by the
wo programs M and P.

Figs. 2b to 2f illustrate a distribution diagram of differently pro-
onated species and point to protonation centres in conjunction
ith the dissociation constant in question. Figs. 2d and 2e show

wo alternations of protonation centres in the dissociation constant
Ka2 and their interpretation in the distribution diagram.

Step 2: Number of light-absorbing species nc: Before the regres-
ion analysis of the pH-absorption spectra of the UV-metric spectral
ethod, factor analysis was used to filter significant eigenvalues

SVD) of the second moment of the absorbance matrix to deter-
ine the rank of the absorbance matrix [21,24]. This factor analysis

pplication was based on the fact that if the spectral data matrix
onsists of r contributions from light-absorbing chemical species,
hen the first r factors of the absorbance matrix contain the vast

ajority of the important chemical information obtained by the
xperiment. The value r then denoted the rank of the absorbance
atrix and should generally be less than or equal to the number of

ight-absorbing differently protonated species m.  Examination of
he absorbance matrixś eigenvalues showed that the first factors
ere statistically significant up to the break on the Cattel index
raph of eigenvalues from which the other estimated factors were
lready insignificant and might therefore be included in the exper-
mental noise of the monitored absorbance. Since the change in the
H setting did not induce sufficient change in spectra and the spec-

(

aceutical and Biomedical Analysis 191 (2020) 113532 3

tra of some species were very similar, the break on the Cattel curve
was not always unambiguous.

The Cattel eigenvalue index graph [24] (Fig. 3) showed that the
whole matrix of Baricitinib pH-absorption spectra at 240−370 nm
indicated three or four light-absorbing species in the equilibrium
mixture nc = k* = 3 or 4 with the experimental noise level sk(A)
= sinst(A) = 0.28 or 0.035 mAU. Furthermore, the spectra of the
molar absorption coefficients of the first pair of species L2− and LH-
were shown to be very similar. The true number of light-absorbing
species separated from spectral noise could also be reliably eval-
uated by non-linear regression analysis of spectral data in the
building of a protonation model.

Step 3: Building and testing the protonation model: In the REACT-
LAB program, the non-linear regression analysis was used to
process pH-absorbance spectra by the UV-metric spectral method
using a regression triplet technique (i.e. data criticism, model crit-
icism and numerical method criticism) cf. ref. [23,25–27].

The search for the best protonation model hypothesis with one,
two, three and four dissociation constants was  shown in the result-
ing molar absorption coefficient graphs and distribution diagrams
of differently protonated species (Fig. 4) for the proposed protona-
tion model hypothesis. The criterion for finding the best hypothesis
of the regression model was the goodness-of-fit test of the cal-
culated spectra by the experimental points of the pH-absorbance
spectra, which was  simplified here to calculate the standard devi-
ation of the absorbance after the regression process s(A) =

√
RSS/(n

– m),  where n was  the number of absorbance points and m was the
number of estimated parameters [25,27].

The construction of a protonation model [23] constituted a deci-
sion criterion for the acceptance of estimated parameters including
its statistical diagnostics for the tested hypothesis. In the figure, this
is in the form of the estimated standard deviation of the regres-
sion absorbance s(A), which described the achieved fitness. The
model with four dissociation constants proved to be the best pro-
tonation model since it reached the lowest value with s(A) = 1.32
mAU  confirming the best fit. The curves of the molar absorption
coefficients of the LH2 and LH3

+ species in the two pK model at
s(A) = 2.2 mAU  were nearly identical, for the LH2, LH3

+ and LH4
2+

species in the three pK model and at s(A) = 1.9 mAU  near and for
the L2−, LH- and LH2 species were almost identical in the four pK
model and at s(A) = 1.32 mAU. It was shown that the building of the
protonation model of Baricitinib was  not an easy task, since this
compound exhibited three close successive dissociation constants
(|pKa,i+1 - pKa,i| < 3) and the pH change during titration only slightly
affected the absorbance of chromophores in spectra. Both dissocia-
tion constants were therefore poorly conditioned in the regression
model and their determination was loaded with a higher degree of
uncertainty.

Table 1 shows the numerical estimates of the dissociation con-
stants calculated by the REACTLAB regression program with the
residual mean E|(ê)| [mAU] and the residual standard deviation s(ê)
[mAU] proved that the protonation model with four dissociation
constants seemed to be the best one. The reliability of the calcu-
lated regression parameter estimates could also be tested by the
following regression diagnostics (Table 1 and Fig. 4), as explained
on page 226 in ref. [23].

a) Physical significance of estimates of unknown regression param-
eters: The spectra of the molar absorption coefficients of
differently protonated �L, �LH, �LH2, �LH3, �LH4 of Baricitinib
species versus wavelength were shown in the left part of Fig. 4.
If in a pair of curves of molar absorption coefficients � both

values were close or almost the same, the protonation model
hypothesis might be uncertain or even false.

b) Physical significance of species concentrations: The distribution
diagram of the relative concentrations of all species in the
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Fig. 2. The theoretical prediction of dissociation constants of Baricitinib is based on a structural formula and indicates (a) protonation centres showing predicted values of
dissociation constants pKa including the distribution diagram of relative concentrations of differently protonated species (b) LH− , (c) LH2, (d) LH3

+, (e) LH3
+, (f) LH4

2+ using
programs MARVIN (M)  and PALLAS (P).
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F  of (a)
t  sk(A) 

o

(

ig. 3. The Cattel eigenvalue index graph shows the break of the eigenvalue curve
he  matrix rank k* = 3 or 4 and (b) the number of light-absorbing species nc = 3 with
f  absorbance and sk(A) is calculated with INDICES in S-PLUS.

right-hand part of Fig. 4 showed the protonation equilibrium
of differently protonated species L2−, LH-, LH2, LH3

+, LH4
2+ had

physical meaning.
c) The goodness-of-fit test of calculated spectra: The statistical anal-

ysis of all residuals showed that the minimum of the elliptic
hyperparaboloid presenting the residual sum of squares of RSS-
function was reached (Table 1) because the residual mean E|(ê)|

[mAU] and the residual standard deviation s(ê) [mAU] reached
very low values of less than 2 mAU, representing less than 0.2%
of the absorbance measured.
 the Baricitinib pH-absorbance matrix at 37 ◦C versus the factors corresponding to
= 0.28 mAU  or nc = 4 with sk(A) = 0.035 mAU, where the residual standard deviation

Step 4: Choice of the effective range of wavelengths (Fig. S1 in Sup-
plementary material): Four wavelength ranges (a) 230–370 nm, (b)
230–300 nm,  (c) 240–290 nm and (d) 240–260 nm were selected
and the spectra at these ranges were tested. Fig. S1 illustrated the
reliability of the enumerated estimates of the four dissociation con-
stants, including the goodness-of-fit of the spectra expressed as
the standard deviation of the absorbance s(A), which served here

as the criterion for the reliability of the calculated parameter esti-
mates. The best fit of the calculated spectra by experimental points
with the fitness criterion of s(A) = 0.62 mAU  was achieved for the
wavelength interval (d) 240−260 nm,  although the estimates of
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Fig. 4. The search of the best hypothesis of the tested proposed protonation model of Baricitinib in the pH range of 2 to 13 pointed to four dissociation constants pKa1,
pKa2, pKa3 and pKa4 by spectral analysis of 1.0 × 10−4 mol. dm-3 Baricitinib at 25 ◦C. Left: Profiles of the molar absorption coefficients of differently protonated Baricitinib
species  �LH, �LH2, �LH3, �LH4 versus wavelength (nm), Right: Distribution diagram of relative concentrations of differently protonated species in a protonation model versus pH
(REACTLAB, ORIGIN 9).
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Table  1
Reproducibility of the best protonation model of Baricitinib in the pH range of 2 to 13 for the four dissociation constants pKa1, pKa2, pKa3, pKa4 using REACTLAB at 25 ◦C and
37 ◦C. Solutions of 1.0 × 10−4 M Baricitinib at I = 0.002 were used for ns spectra, measured at nw wavelengths form differently protonated species. The resolution criterion
and  reliability of the parameter estimates obtained are proven with the goodness-of-fit statistics of the residuals analysis such as the mean of absolute value of residuals E|ē|
[mAU], the standard deviation of the absorbance after the regression process s(ê) [mAU] and sigma s(A) [mAU] from REACTLAB.

Temperature 25 ◦C 37 ◦C

Reproducibility 1st set 2nd set 3rd set 4th set Mean 1st set 2nd set 3rd set 4th set Mean

Cattelś scree plot indicating the rank of the absorbance matrix (INDICES)
Number of spectra, ns 67 82 122 128 55 51 54 49
Number of wavelengths, nw 141 153 153 153 140 141 141 141
Number of light-absorbing species, k* 3 3 3 3 3 3 3 3
Estimates of dissociation constants in the searched protonation model
pKa1, LH4

2+ � H+ + LH3
+ 2.99 2.93 3.09 3.20 3.05 3.09 3.09 3.09 3.09 3.09

pKa2, LH3
+ � H+ + LH2 3.83 3.80 3.91 3.93 3.87 3.49 3.50 3.48 3.56 3.51

pKa3, LH2 � H+ + LH− 6.43 6.68 6.49 6.43 6.51 4.57 4.58 4.61 4.60 4.59
pKa4, LH− � H+ + L2- 12.19 12.30 12.34 12.63 12.37 12.65 12.88 12.89 12.92 12.84
Goodness-of-fit test with the statistical analysis of residuals
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Mean of absolute value of residuals, E|ê|[mAU] 0.78 0.9 0.9
Residual standard deviation, s(ê), [mAU] 1.03 1.16 1.2
Sigma  from ReactLab, [mAU] 1.22 1.99 1.9

he dissociation constants in all four wavelength ranges were close
nd nearly identical. Since the molar absorption coefficients of the
pecies �L2-, �LH-, �LH2 were almost identical in a significant number
f wavelengths, this led to the conclusion that the pH change of the
olution did not significantly affect the chromophores in question.

The determination of the dissociation constants pKa2 and pKa3,
nd finally pKa4, was loaded with considerable uncertainty, which
as reflected in the higher standard deviation of the estimate of

he dissociation constant pKa, and therefore in its wider interval
stimate. The close values of the two dissociation constants pKa1
nd pKa2 also led to a minor difference in the spectra of the molar
bsorption coefficients �LH3 and �LH4. A comparison of the four
raphs in Fig. S1 (in Supplementary material), i.e.  Fig. S1a, S1b, S1c,
1d showed that the region (d) of 240−260 nm appeared to be the
ost advantageous wavelength region of the spectrum for nonlin-

ar regression analysis because it exhibited the best chromophore
esponse to pH change.

Step 5: The absorbance change in spectra within pH titration (Fig.
2 in Supplementary materials): Fig. S2 showed the sensitivity
f the chromophores in the Baricitinib molecule to the titration
hange in pH, which was monitored in the form of A-pH curves.
he pH change did not always cause a significant change in the
pectrum of Baricitinib at all wavelengths equally, as some chro-
ophores were less affected by the pH change. Fig. S2c depicted

he wavelength molar absorption coefficient spectrum for the nine
elected wavelengths in Fig. S2a for which the A-pH curves of
ig. S2b have been shown. The maximum change in absorbance
ccurs here at pH changes around 340 nm and 260 nm.  The graphs
rovided estimates of dissociation constants and the presence of
ifferently protonated species. It was clear from these graphs that
he two dissociation constants pKa1 = 3.09 and pKa2 = 3.92 were
lose and that their estimation was therefore loaded with greater
ncertainty.

Step 6: Signal-to-noise ratio in analysis of spectral changes (Fig.
3 in Supplementary material): When spectrophotometric deter-
ination of the dissociation constants of Baricitinib was performed,

t was necessary to investigate the hidden information in the
pectral data to determine whether the titration change in pH
aused a sufficient change in the spectral absorbance values for
egression, to determine the dissociation constants and to build

 protonation model. From Fig. S3 it was clear that the spectral
esponse of the chromophore of the Baricitinib molecule (Figs.

3a and S3b) was not the same everywhere for all protonation
quilibria, so it was necessary to investigate whether the four disso-
iation constants could be estimated at these minimal absorbance
hanges.
1.02 1.4 1.5 1.65 1.66
1.32 3.12 2.93 2.99 3.55
2.66 2.25 2.35 2.55 2.7

The change in the i-th spectrum of j-absorbance could be
expressed by the magnitude of the difference �ij = Aij - Ai and then
it was  possible to investigate whether these changes were suffi-
ciently large in the spectra and especially if they were greater than
the noise value of the monitored absorbance in the sinst(A) spec-
trum. The changes of the absorbance difference �ij [mAU] in the
spectra were therefore plotted against the wavelength � for all ele-
ments of the absorbance matrix (Fig. S3c) and it was shown that
�ij values in mAU  were significantly greater than the instrument
noise sinst(A) = 1–2 mAU.

Fig. S3d confirmed the excellent fitness of the calculated regres-
sion spectra through the experimental points, since the residual
sizes e were predominantly in the range -5 to +5 mAU, while the
changes in absorbance in the pH-spectral titration ranged from
-350 to +350 mAU.

Step 7: The spectra deconvolution (Fig. S4 in Supplementary
material): The deconvolution of each experimentally measured
spectrum into the absorption bands of each differently proto-
nated species [15–17] on Fig. S4 showed whether the protonation
model hypothesis was  designed efficiently and whether the spec-
tra adequately reflected the protonation equilibria of Baricitinib.
In addition, spectrum deconvolution appeared to be useful in
analysing protonation equilibria, particularly in such exceptional
cases where a change in the solutionś pH produced only a weak
spectral response of the chromophore and therefore resulted in
little or insufficient change in spectra. The molar absorption coef-
ficient curves of the four differently protonated species in Fig. S4a
showed that the curves of the LH2, LH− and L2- species were almost
identical, whereas there was a distinct difference between the
curves of LH4

2+ and LH3
+ and one neutral LH2 molecule. The curves

of the two  protonated cations LH4
2+ and LH3

+ were nearly identi-
cal. Therefore, special care in the interpretation of deconvolution
had to be given a pH range of 3–6, since four LH4

2+, LH3
+, LH2, LH-

species were in equilibrium with three close dissociation constants
pKa1 = 3.05, pKa2 = 3.87 and pKa3 = 6.51.

Fig. S4 illustrates the deconvolution of the experimental spec-
tra at selected pH values, indicated by arrows to the pH axis in the
distribution diagram of Fig. S4b, into the absorption bands of dif-
ferently protonated Baricitinib species. At pH 2.14, the absorption
band of LH4

2+ dominated in equilibrium with LH3
+, which was still

clearly distinguished. At pH 2.91, the spectra of the two cations
LH4

2+ and LH3
+ were very similar in shape, differing only by a
slight shift. The pH range of 3–5 was very important, since there
were present two  cations LH4

2+ and LH3
+ with one neutral LH2

molecule in equilibrium. At pH 3.66, a spectrum of neutral species
LH2 appeared, which was different in shape from the spectra of
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Table  2
Reproducibility of the best protonation model of Baricitinib in the pH range of 2 to 13 for the three dissociation constants pKa1, pKa2, pKa3 with ESAB was examined. The
regression refinement of common and group parameters for pH-metric titration of acidified 1.0 × 10−3 mol. dm−3 Baricitinib was titrated with potassium hydroxide at 25.0
◦C and 37.0 ◦C. The reliability of parameter estimation was proven with a goodness-of-fit statistics: the bias or arithmetic mean of residuals E(ê) [�L], the mean of absolute
value  of residuals, E|ê| [�L], the standard deviation of residuals s(ê) [�L], the residual skewness g1(ê) and the residual kurtosis g2(ê) proving a Gaussian distribution, the
Hamilton R-factor of relative fitness [%] from ESAB and the Akaike-Information Criterion AIC. Common parameters refined: pKa1, pKa2, pKa3. Group parameters refined: H0 , HT ,
L0. Constants: t = 25.0 ◦C, 37.0 ◦C, pKw = 13.9799, s(V) = sinst(y) = 0.1 �L, I0 adjusted (in vessel), IT = 0.9470 (in burette KOH).

Temperature 25 ◦C 37 ◦C
Reproducibility 1st set 2nd set 3rd set 4rd set Mean 1st set 2nd set 3rd set 4rd set Mean

Estimates of the group parameters
H0, HT and L0 in the searched
protonation model
Number of points n 21 29 28 27 24 26 26 28
H0 × 1E + 02 [mol/L] 4.30 4.30 3.87 5.12 5.13 5.20 5.15 5.15
HT [mol/L] 0.9470 0.9470 0.9602 0.9602 0.9602 0.9602 0.9602 0.9602
L0 × 1E + 03 [mol/L] 0.34 0.37 0.99 0.36 0.28 0.29 0.29 0.28
Estimates of the common
parameters i.e. dissociation constants
in  the searched protonation model
pKa1. LH4

2+ � H+ + LH3
+ 3.70 3.71 3.60 3.63 3.66 3.55 3.50 3.59 3.63 3.57

pKa2. LH3
+ � H+ + LH2 3.85 3.79 3.81 3.77 3.81 3.76 3.75 3.74 3.81 3.77

pKa3. LH2 � H+ + LH− 4.77 4.75 4.62 4.63 4.69 4.43 4.34 4.40 4.53 4.43
Goodness-of-fit test with the
statistical analysis of residuals
Bias or arithmetic mean of residuals
E(ê). [�L]

−4.54E-08 −4.19E-08 −2.33E-07 −6.14E-08 −7.58E-10 3.94E-09 −2.72E-09 −3.97E-08

Mean of absolute value of residuals.
E|ê|[�L]

−6.44E-06 1.12E-05 3.80E-07 2.06E-05 6.20E-06 −4.67E-06 7.16E-06 6.02E-06

Residual standard deviation. s(ê).
[�L]

1.09E-04 1.11E-04 6.46E-05 8.83E-05 6.92E-05 7.92E-05 5.22E-05 9.43E-05

Residual skewness g1(ê) −0.75 −0.86 −1.25 −0.77 −0.62 −0.50 0.19 −0.17
Residual kurtosis g2(ê) 4.03 4.17 6.45 3.25 3.40 3.63 2.41 3.14
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Akaike-Information Criterion. AIC −363.80 −504.47 −509.54 

Hamilton R-factor from ESAB [%] 0.02 0.02 0.01 

oth previous cations. At pH 5.61, an LH− anion spectrum appeared,
hich was similar to that of a neutral LH2 species that increased
ith pH while the LH− anion band decreased with pH and the spec-

rum of LH3
+ cation almost disappeared. From pH 6.29, the LH−

nion band increased and the neutral LH2 band decreased. At pH
1.12, the L2- anion spectrum dominated and with LH− the anion
pectrum decreased.

.2. pH-metric data analysis

Potentiometric titration of acidified Baricitinib to pH 2 titrated
ith potassium hydroxide was performed at 25 ◦C and 37 ◦C

Table 2) and at an adjusted ionic strength (Fig. 5). For pH-
otentiometric titration by the pH-metric method, the estimation
f each dissociation constant of Baricitinib was calculated by the
SAB regression program [7].

Step 8: pH-metric data analysed by Bjerrum’s formation function:
or the required “potentiometric” concentration, which was  always
igher than the concentration for spectrophotometric measure-
ents, Baricitinib showed only three dissociation constants in the

H range of 3–6 and refined by nonlinear pH regression titration
urves with ESAB. Non-linear regression analysis was applied to the
entral part of the pH-titration curve of acidified Baricitinib, titrated
ith potassium hydroxide. The protonated cations and anions of

aricitinib are soluble in the aqueous medium, while the neutral
olecule is insoluble at pH > 7. Estimates of the three dissocia-

ion constants pKa1, pKa2 and pKa3 were evaluated in the Bjerrum
ormation curve (Fig. 5a). At a pH greater than 7 and a concentra-
ion greater than 2 × 10−4 mol. dm-3, a precipitate of the neutral

olecule Baricitinib was formed.
Residuals were defined in the ESAB program as the difference
etween the experimental and calculated KOH titrant volume, ei
 Vexp,i - Vcalc,i. The reliability test of the quantified estimates of
he dissociation constants was performed by statistical analysis of
esiduals by the goodness-of-fit test. In addition to the common
84.32 −441.7 −473.9 −497.7 −501.2
1 0.01 0.01 0.01 0.01

parameters pKa1, pKa2 and pKa3, and the subsequent refinement
of the group parameters HT, L0, the goodness-of-fit test statistics
improved significantly the best fit. The relatively sensitive reliabil-
ity criterion of the estimated dissociation constants was  the mean
absolute value of residuals E|ē| expressed in �L. The comparison
of the numerical value of this statistic with the instrumental noise
of the microburette, sinst(V) = s(V) = 0.1 �L, proved to be a decisive
criterion in the search for a regression model because the mean of
absolute residual values E|ē|in �L and the residual standard devia-
tion of the KOH titrant s(V) were of the same size or even lower than
the experimental microburette noise sinst(V). The values of both
monitored statistics were 0.1 �L, which was close to the instru-
ment error value of the microburettes used with s(V) = 0.1 �L. In
addition, the residuals varied between the lower limit -0.2 �L and
the upper limit +0.2 �L of the Hoaglin interval, and no residual was
outside these Hoaglin limits (cf. pages 29–34 in ref. [26] or page
474 in ref [25].). Estimation of the dissociation constants by ESAB
was therefore considered to be sufficiently reliable (Table 2). The
goodness-of-fit test of the calculated titration curve could only be
improved by further refining the L0 group parameter which is the
Baricitinib drug concentration in the titration vessel.

Step 9: Uncertainty of pKai in replicate measurements (Fig. S5 in
Supplementary material): The reproducibility of the dissociation
constants evaluated by REACTLAB from four reproduced spectra
measurements taken at different pH values was  found to be in good
agreement with the SQUAD84 estimates. The interpretation was as
follows:

(a) The estimate of the mean pKa and its variance from the repro-

duced dissociation constants served as a measure of uncertainty
for each subsequent dissociation constant.

(b) At 37 ◦C, the estimates of the dissociation constant were slightly
more acidic, i.e. lower pKa values than the estimates at 25 ◦C.
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Fig. 5. (a) The pH-metric data analysed by Bjerrum’s Formation Function of acidified
Baricitinib to pH 2 titrated with potassium hydroxide at 25 ◦C indicates three disso-
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loaded with greater uncertainty. Since pH-potentiometric titration
iation constants in the pH range of 3 to 6. (b) Distribution diagram of the relative
oncentrations of variously protonated Baricitinib species in%.

(c) The close values of two consecutive dissociation constants
pKa1 and pKa2 could lead to some difficulties in minimizing
the process or could also cause their refinement values to fail
in regression iterations. The reason could be an intermediate
species that was not present at a sufficiently high concentra-
tion, or too close to pKa1 and pKa2, and thus one species was
highly correlated with its pKa value with another species, and
these species were formed at the same pH change.

d) When the normal equations in the regression analysis were
singular, one or more correlation coefficients between two
parameters pKa1 and pKa2 were close to +1 or -1, the refinement
process could be terminated prematurely by the program in the
minimization process [25,27].

The reproducibility of dissociation constant estimates was  also
onitored potentiometrically at four temperatures from 25 ◦C to

0 ◦C. With increasing temperature, the values of all three dis-
ociation constants decreased and thermodynamic parameters of

¨xtratermodynamicsẅere evaluated from the slope of this linear
ependence. Dissociation constants were determined from four
epeated titration curves at each temperature and their mean value
as calculated (Fig. S6 in Supplementary material).

Step 10: Thermodynamic dissociation constants: Using the Debye-

ückel low for the data in Tables 1 and 2, the unknown parameters
f pKT

a1, pKT
a2, pKT

a3 and pKT
a4 were estimated at two tempera-

ures of 25 ◦C and 37 ◦C. Due to the narrow range of ionic strength
aceutical and Biomedical Analysis 191 (2020) 113532 9

values treated, the effective ion size parameter å and the salin-
ity coefficient C could not be calculated. Spectrophotometry (from
mixed pKa corrected to I =0.0020 mol. dm−3): pKT

a1 = 3.07, pKT
a2 =

3.87, pKT
a3 = 6.27, pKT

a4 = 12.78 at 25 ◦C and pKT
a1 = 3.00, pKT

a2 =
3.79, pKT

a3 = 6.12, pKT
a4 = 12.75 at 37 ◦C. Potentiometry (from mixed

pKa corrections to I =0.0001 mol. dm−3): pKT
a1 = 3.69, pKT

a2 = 3.81,
pKT

a3 = 4.73 at 25 ◦C a pKT
a1 = 3.62, pKT

a2 = 3.73, pKT
a3 = 4.43 at 37

◦C.
Step 11: Determination of enthalpy, entropy, and Gibbs free energy

for ẗhe extra-thermodynamicsöf dissociation: The standard enthalpy
change �H0 of the dissociation process was calculated from the
van’t Hoff equation dln K/dT = �H0/RT2. From the values of the stan-
dard molar Gibbs free energy �G0 = -RT  ln K and enthalpy �H0 we
can calculate the standard entropy �S0 = (�H0 - �G0)/T, where R
(ideal gas constant) = 8.314 J.mol−1.K−1, where K is the thermody-
namic dissociation constant a T is the absolute temperature [28],
(Fig. S7 and S8 in Supplementary material).

The literature [29] states that carboxylic and inorganic acids
are least affected by temperature changes of less than ±0.05 pH
units per 10 K, which is also related to minor changes in the molar
enthalpy of dissociation close to 0. A clear correlation between
dissociation enthalpy near 0 and lower pK sensitivity to temper-
ature increase in carboxylic acids [29]. In contrast, phenols, amines
and amino acids exhibit high enthalpy changes in the tempera-
ture range of 25–60 ◦C, with a change of -0.2 pH units to 10 K. The
temperature change of the pKa of the compound therefore changes
the pH of the solution, which in turn may  affect the solubility and
chemical stability of the product.

The plot of the four dissociation constants pK at five tempera-
tures by regression analysis of the spectra showed a slight decrease
in pK with increasing temperature (Fig. S9-left). At higher con-
centrations of Baricitinib, precipitation of the drug occurred from
pH above 7, initially only mild opalescence occurred, which made
spectrophotometric indication impossible. Therefore, only the first
three dissociation constants were evaluated potentiometrically as
a function of temperature (Fig. S9-right).

For Baricitinib, with increasing temperatures ranging from 15
◦C to 50 ◦C, the values of all four dissociation constants, deter-
mined spectrophotometrically (Fig. S9 left) and potentiometrically
(Fig. S9 right), decrease. In the potentiometric pH-metric method,
pKa1 decreased by 0.91 pH units with decreasing linear regres-
sion rabat R2 = 98.44%, pKa2 decreased by 1.29 pH units with R2

= 96.14% and pKa3 decreased by 1.07 pH units with R2 = 93.12%,
while the decrease in the estimation of the dissociation constants
was lower for the UV-metric method, and therefore the slope of the
temperature linear dependence was  lower.

The temperature response of all three dissociation constants
pKa1, pKa2 and pKa3 was more pronounced in the potentiometric
method, the correlation coefficients of the dissociation constant
versus temperature were significantly higher than in the spectral
method. The numerical estimates of the dissociation constants
pKa1 and pKa2 determined by the potentiometric method were
higher, or more alkaline, than the spectral method estimates, while
pKa3 was the opposite. The chromophore response in the Baric-
itinib molecule was subject to somewhat greater uncertainty on
the pH titration changes, resulting in worse reproducibility of the
estimates of the dissociation constants from the spectra. In this
respect, estimates of the three dissociation constants pKa1, pKa2 and
pKa3 appeared to be a more reliable method of pH-metric titration.
The first dissociation constant of pKa1 was spectrophotometrically
indicated as the estimated pKa1 parameter was very poorly con-
ditioned in the regression model and therefore its estimation was
required higher concentrations than the spectral method, it was
not possible to determine the fourth dissociation constant of pKa4,
since Baricitinib precipitated at a pH greater than 7. Therefore, the
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Table  3
The values of the thermodynamic dissociation constants at 25 ◦C and 37 ◦C, the standard molar enthalpy �H0, the standard molar entropy �S0 and the standard molar Gibbs
free  energy �G0 determined with UV-metric spectra analysis and pH-metric analysis.

pKa at 25 ◦C (and 37 ◦C) �H0 [kJ. mol−1] �S0 [J. mol−1] �G0 [kJ. mol−1 at 25 ◦C]

UV-metric spectra analysis
pKT a1 = 3.07 (3.00) 5.24 −40.31 12.02
pKT a2 = 3.87 (3.79) 19.78 −6.56 1.98
pKT a3 = 6.27 (6.12) 55.53 62.91 18.70
pKT a4 = 12.78 (12.75) 23.78 −167.40 49.94
pH-metric analysis
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pK a1 = 3.69 (3.62) 41.91 

pKT a2 = 3.81 (3.73) 40.30 

pKT a3 = 4.73 (4.43) 18.54 

issociation constant of pKa4 was determined only spectrophoto-
etrically for 10-fold lower concentrations of Baricitinib.

Both parameters of linear dependence of pK on T, i.e. the inter-
ept and the slope, were used for calculating thermodynamic
uantities of enthalpy, entropy and Gibbs free energy (Fig. S9
nd S10 in Supplementary material). The values of the standard
olar enthalpy �H◦, the standard molar entropy �S◦ and the

tandard molar Gibbs free energy �G◦ (Fig. S9 in Supplemen-
ary material) were calculated using the spectral method are in
able 3. The standard molar enthalpy values �H◦, the standard
olar entropy �S◦ and the standard molar Gibbs free energy �G◦

ere also calculated by potentiometric titration are in Table 3.
e know from published studies that positive enthalpy values
H◦(pKa1), �H◦(pKa2), �H◦(pKa3) and �H◦(pKa4) have shown that

he dissociation process was endothermic and accompanied by
eat absorption. The positive value of the standard molar Gibbs free
nergy �G◦(pKa1), �G◦(pKa2) and �G◦(pKa4) except for the nega-
ive �G◦(pKa3) monitored spectrophotometrically showed that the
issociation process was not spontaneous, while all �G◦ values
ere positive. Since the dissociation process entropy �S◦ (poten-

iometrically) was positive for two pKś, namely �S◦(pKa1) = 69.58
.mol−1 and �S◦(pKa2) = 51.23 J.mol−1 and with the spectropho-
ometry for one dissociation constant �S◦(pKa3) = 62.91 J.mol−1,
he dissociation process with positive entropy was  indicated as
rreversible. The entropy for the other three dissociation constants

S◦(pKa1) = -40.31 J.mol−1, �S◦(pKa2) = -6.56 J.mol−1, �S◦(pKa4) =
167.40 J.mol−1 (spectrophotometrically) and at the third dissoci-
tion constant �S◦(pKa3) = -29.89 J.mol−1 (potentiometricaly) was
egative, indicating a reversible dissociation process.

The REACTLAB regression program analysed the pH-absorbance
atrix of 1.0 × 10−4 mol. dm-3 of Baricitinib and calculated the esti-
ates of the four dissociation constants by numerical procedures.

he results of the refinement of the dissociation constant estimates
re based on the minimum of the residual squares sum function RSS,
he estimated parameters, the standard deviations of the parame-
ers and correlation coefficients between them, the residuals map.

hen looking for a protonation model, it is usually necessary to
arefully consider all these factors, since none of them alone was a
eliable indicator of the success of the regression model.

The ESAB potentiometric pH-titration program, minimizing
esiduals ei = Vexp,i - Vcalc,i reached a residual value of 0.1 or 0.2 �L,
hich means that an excellent fit of the calculated titration curve

o the experimental points was achieved. It can be stated that the
eliability of common parameters, i.e. the dissociation constants of
aricitinib, was proven, although the L0, HT group parameters were
oorly conditioned in the regression model. The goodness-of-fit
howed sufficient reliability of estimates of all three dissociation
onstants of Baricitinib at five different temperatures.

The disagreement of the experimentally calculated dissocia-

ion constants pKai with their theoretically predicted values from
he structure of the Baricitinib molecule could be caused by the
omplex structure of the resonance of the heterocyclic nucleus
69.58 21.09
51.23 25.12
−29.89 27.40

and subsequently by different electron distributions, which appar-
ently led to different theoretically predicted pKai values. In such
cases, the MARVIN, PALLAS, and ACD/Percepta prognostic pro-
grams would fail somewhat and the dissociation constants would
therefore be more plausible from the experimental determination.
Since pKai estimates by both potentiometric and spectrophotomet-
ric methods were similar, and further considering the plausibility of
regression data analysis, it could be concluded that the experimen-
tal results obtained are reliable and confirm the true protonation
equilibria of Baricitinib. From a thermodynamic perspective, the
following conclusions are given for the protonation scheme (Fig.
S11 in Supplementary material):

1) If pKa was  positive, the standard free energy change �G0 for the
dissociation reaction was  also positive.

2) Furthermore, a positive value of �H0 indicates that the dissoci-
ation process was endothermic and was  accompanied by heat
absorption. The rearrangement of the hydrogen bonds could
then be the basis for both �H0 and �S0 in the drug-proton
molecule interactions and the relationship between �H0 and
�S0 seemed plausible, indeed likely. The hydrogen bond as the
central interaction between the drug molecule and the proton
was  also mechanically attractive. In water, hydrogen bonds form
a network of continuous chains that dynamically change in a
certain state. Since the dipole formed by shifting the electron
away from the hydrogen proton, these chains form a sequence
of mono- and di-poles, which were sensitive to the electrostatic
potential of the drug and receptor molecules and provided a
mechanism for the remote transfer of information from the drug
to the receptor.

3) The contribution of entropy in these reactions was  usually
unfavourable (�S0 < 0). The ions in the aqueous solution tended
to orient the surrounding water molecules, which oriented the
solution and reduced entropy. The ionic contribution to entropy
was  partial molar entropy, which was  often negative, especially
for small or highly charged ions. Acid ionization involved the
reversible formation of two  ions, so that entropy decreased (�S0

< 0).

4. Conclusion

(1) Spectrophotometric and potentiometric pH titration allowed
the measurement of up to three or four successive Baricitinib
dissociation constants (Fig. S10 in Supplementary material).
Baricitinib chromophores showed relatively small changes in
absorbance in the UV/VIS-spectra when the pH of the solu-
tion was  changed, and therefore the dissociation constant

estimates were exposed to greater uncertainty than was the
potentiometric assay. Therefore, the estimation of dissociation
constants monitored potentiometrically seemed to be more
reliable.



harm

c
a

A

i
j
d
p

s
u

a
1
i
r

s
i

A

i
1

D

[

[

[

[

[
[

[

[

[

[

[

[

[

[

[

[

[

[

M.  Meloun, A. Pfeiferová, M. Javůrek et al. / Journal of P

(2) Baricitinib LH2 was able to protonate into two  soluble cations
LH4

2+, LH3
+, a neutral LH2 molecule, and dissociate into two

soluble anions LH− and L2- in pure water. The graph of molar
absorption coefficients of these differently protonated species
versus wavelength indicated that the spectra �L, �LH, �LH2 were
similar to the same for the species, and the spectra �LH4 and
�LH3 were also similar.

(3) It has been shown that four dissociation constants from the
spectra could be reliably estimated in the pH range of 2–13 for
the concentration of poorly soluble Baricitinib 1.0 × 10−4 mol.
dm-3. Although the adjusted pH less influenced the changes in
absorbance in the chromophore, four dissociation constants
were reliably determined with REACTLAB at I =0.0020 mol.
dm-3: pKa1 = 3.01 ± 0.12, pKa2 = 3.85 ± 0.11, pKa3 = 6.58 ±
0.12, pKa4 = 12.47 ± 0.05 at 25 ◦C and pKa1 = 3.09 ± 0.12, pKa2
= 3.51 ± 0.10, pKa3 = 4.59 ± 0.12, pKa4 = 12.84 ± 0.07 at 37 ◦C.

(4) Only three dissociation constants of Baricitinib were deter-
mined by regression analysis of potentiometric pH titration
curves for a concentration of 1.0 × 10−3 mol. dm−3 with ESAB
at I =0.0001 mol. dm−3: pKa1 = 3.68 ± 0.03, pKa2 = 3.80 ± 0.03,
pKa3 = 4.72 ± 0.05 at 25 ◦C and pKa1 = 3.61 ± 0.08, pKa2 = 3.72
± 0.06, pKa3 = 4.42 ± 0.14 at 37 ◦C.

(5) The prediction of the dissociation constants of Baricitinib was
performed by MARVIN, PALLAS and ACD/Percepta programs
mainly to determine the protonation sites in the Barici-
tinib molecule. When comparing three predictive and two
experimental techniques, the prognostic programs sometimes
differed in the estimation of pKa.

(6) The thermodynamic dissociation constants of Baricitinib are
in Table 3.

The thermodynamic parameters �H0, �S0 and �G0 were cal-
ulated from the temperature change of the dissociation constants
nd are in Table 3.

uthor statement

Relevance: This manuscript has not been previously published
n any language and it is not under consideration by another
ournal. Up today, no spectra, no dissociation constants or no pH-
istribution diagrams of the relative concentration of variously
rotonated ions of the drug Baricitinib have been published.

Scientific motivation: Knowledge of the possible ionization
tates of a pharmaceutical substance, embodied in pKa, is vital for
nderstanding properties essential to drug development.

Novelty: Baricitinib is used for the treatment of rheumatoid
rthritis. It is a selective and reversible inhibitor of Janus kinases

 and 2, which play an important role in signalling the pro-
nflammatory pathway activated in autoimmune disorders such as
heumatoid arthritis.

Significance: Medicine and pharmacology need physical con-
tants (spectra, dissociation constants, solubility, etc.) of newly
ntroduced drugs.
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27] M.  Meloun, J. Militký, M. Forina, Chemometrics for analytical chemistry PC-
Aided Regression and Related Methods, Volume 2, Ellis Horwood, Chichester,
1994.
28] D.D. Perrin, The effect of temperature on pK values of organic bases, Aust. J.
Chem. 17 (4) (1964) 484–488.

29] H. Fukada, K. Takahashi, Enthalpy and heat capacity changes for the proton
dissociation of various buffer components in 0.1 M potassium chloride,
Proteins 33 (2) (1998) 159–166.

https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
https://doi.org/10.1016/j.jpba.2020.113532
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31418-7/sbref0145

	Determination of acid dissociation constants, enthalpy, entropy and Gibbs free energy of the baricitinib by the UV-metric ...
	1 Introduction
	2 Materials and methods
	2.1 Material
	2.2 Methods
	2.3 Software

	3 Results and discussion
	3.1 UV-metric spectral analysis
	3.2 pH-metric data analysis

	4 Conclusion
	Author statement
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


